In this paper, we examined the basic properties in the 1:1 mixture of lithium amide LiNH 2 and lithium hydride LiH as a candidate of reversible hydrogen storage materials.
Introduction
choose Li 3 N as a starting material for hydrogen storage, the hydrogenated materials are finally decomposed into LiNH 2 and 2LiH, where the excess LiH could not be responsible for hydrogen storage in reaction (1) as is clear from reaction (3) . In this case, only ~5.2 wt.% of hydrogen can be reversibly stored in the material starting from Li 3 N.
To realize reaction (3) for hydrogen storage, we chose LiNH 2 and LiH as starting materials. In this paper, we examined the hydrogenation/dehydrogenation properties of a powder mixture of LiNH 2 and LiH, and also examined the catalytic effect on hydrogen storage properties for improving the kinetics of the reaction.
Experimental
The starting materials, LiH and LiNH 2 with 95 % purity were purchased from Sigma-Aldrich and from Strem Chemicals, respectively. The dry catalyst metals Fe, Co, Ni with diameter of several tens of nanometers were from Shinku-Yakin, and TiCl 3 was from Sigma-Aldrich. All the samples were handled in a glove-box filled with purified argon to minimize oxidation and water adsorption.
For the purpose of comparing the conditions of nanometer-scale contact between LiNH 2 and LiH, the mixed powders were prepared in two different ways. In one case the mixing was done with an agate mortar and pestle by hand and in the other case we used mechanical ball milling (Fritsch P7). In the former case, 300 mg of LiNH 2 and LiH powders with 1:1 and 1:2 molar ratios were mixed for ten minutes. In the latter case, 300 mg of the powders were mixed with the same ratio for 2 hrs. In the milling process, the powders and 20 pieces of steel balls with a diameter of 7 mm were brought into a Cr steel pot, and milled with 400 rpm for 2 hrs under a hydrogen gas pressure of 1 MPa at room temperature.
To clarify the catalytic effect on hydrogen storage properties, a small amount of Ni, Fe, Co metals and TiCl 3 (1 mol.%) were added to the powders of LiNH 2 and LiH before ball milling, and then these were ground by mechanical ball milling method for 2 hrs.
After homogenizing the mixed powders by the above methods, the samples were examined by thermal desorption mass spectroscopy (TDMS) (Anelva M-QA200TS) combined with thermogravimetry (TG) upon heating up to 450 ℃ with a heating rate of 5 ℃/min. This equipment was especially designed and built up for using it inside the glove box filled with purified argon, which permitted simultaneous measurements by TG and TDMS without exposing the samples to air at all. Before and after performing the TG-TDMS measurement, we examined the structures of the products by the X-ray diffraction (XRD) measurements (Rigaku RINT2000, Cu Kα). Figure 1 shows thermal desorption mass spectra (TDMS) of hydrogen (H 2 ) and ammonia (NH 3 ) gases for three kinds of LiNH 2 and LiH mixed powders. Samples 1 and 2 were both mixed using an agate mortar and pestle by hand for ten minutes. The mixing ratio of LiNH 2 and LiH is 1:1 in the sample 1, while it is 1:2 in the sample 2.
Results and discussion
Sample 3 was prepared by mechanically milling the 1:1 mixture of LiNH 2 and LiH. We can easily notice that ammonia gas in addition to hydrogen gas is desorbed from all the mixed powders as well. The amount of desorbed NH 3 gas decreases with increasing the ratio of LiH to LiNH 2 for the hand mixed powders. We also notice that the amount of NH 3 from the ball milled powder is much less than when using the agate mortar for the mixing.
Usually, the ammonia gas is irreversibly released by the following decomposition reaction:
,
The TDMS of ammonia from pure LiNH 2 powder was examined in this work, as shown in Figure 2 . One can see that the ammonia gas is drastically desorbed starting at ~300 ℃.
This reaction indicates that, if LiNH 2 closely touches LiH in a nanometer scale in the mixed powder, the desorbing reaction of hydrogen (3) Furthermore, we have investigated the kinetics of the dehydriding reaction for the 1:1 ball milled mixture containing 1 mol.% of TiCl 3 . Figure 5 shows the logarithmic plot of the normalized residual hydrogen amount X H2 (t)/X H2 (0) and the linear plot of the measuring temperature as a function of time for the powders ball milled with and without 1 mol.% TiCl 3 catalyst. One can see that the reaction rate of the product with the catalyst is much faster than that without the catalyst and both logarithmic plots are linear against time after the measuring temperature reached a fixed point and became constant, indicating that the reaction is of first order. If so, we can easily obtain the activation energy, E a , for the hydrogen desorption reaction according to Kissinger's method [26] . In Figure 6 (a), the TDMS measured by changing the heating rates from 1 K/min to 20 K/min are plotted as a function of temperature, and the Kissinger plot is given in Figure 6 (b). The value of E a is deduced to be 110 kJ/mol from the Kissinger plot. This value is still high compared to that deduced for catalyzed sodium alanates [11] . This indicates that catalytic effects have to be optimized in the near future. On the other hand, the E a for the non-catalyzed mixture could not be estimated because of the existence of complex desorption reactions of H 2 and NH 3 gases at higher heating rate.
Finally, we examined the cycle retention properties for the sample with the 1mol.% TiCl 3 catalyst. The durability was tested by the following cyclic processes: the 
